240 GENES COMMONLY REGULATED BY THE P38 MAPK AND PI3K SIGNALING PATHWAYS IN HYPERTROPHIC GROWTH PLATE CHONDROCYTES  by Ulici, V. et al.
S110 Osteoarthritis and Cartilage Vol. 16 Supplement 4
necessary supernatants were analyzed with the cell death ELISA (Roche)
measuring photometrically the % increase of apoptosis over control (no
Fas).
Results: TUNEL assay identiﬁed the number of live cells as compared
apoptotic cells that were induced by Fas activation. The number of TUNEL
positive cells was 40.7%±19.4 as compared to the control 0.84%±1.01
in the chondrocytes grown in suspension on a poly-HEMA coated slide
chambers. The amount apoptosis found in chondrocytes was signiﬁcantly
reduced when cells were grown on Matrigel 1.03%±0.91 as compared
to the Matrigel− as compared to 93.9%±3.46. The control group grown
in suspension, no matrix was increased by 40.7%±19.4. The presence
of perlecan resulted in an ~50% reduction in the number of apoptotic
cells as compared to the control (21.52±7.06) over no matrix addition
control. Cells grown on Matrigel (increased only 21.4% over control no
Fas (CTL)) clearly indicating protection from apoptosis; compared to FN
(increase 224% over CTL) and to cells grown as adherent monolayer
without matrix (897% over CTL). Chondrocytes in a phenotypic correct
condition were very unresponsive to Fas-apoptosis (90.8% increase over
CTL) as compared to monolayer culture (897% increase over control).
Conclusions: Since cartilage chondrocytes live within a unique ECM
environment it is important to understand functions like apoptosis within
a matrix-rich environment. Perlecan is found in the chondrocyte’s pericel-
lular matrix and is important in development and chondrogenesis. In this
study we show that certain ECM components can alter the response to
an inducer of apoptosis. Also, growing chondrocytes in a phenotypically-
correct environment also protects or prevents them form undergoing
apoptosis. Speciﬁcally matrix containing perlecan can protect or alter the
response of chondrocytes to stimuli of apoptosis. The data suggest that
perlecan is involved, but it may be indirect, since many growth factors and
molecules bind to perlecan. The importance of maintaining the integrity
of the ECM of chondrocytes to maintain their “well-being” in vivo is
likely a factor in the integrity and function of articular cartilage. Further
understanding of the precise molecules involved may provide a viable
target for therapeutic intervention in a variety of cartilage diseases.
238 IMPLICATION OF THE INORGANIC PYROPHOSPHATE
TRANSPORTER ANK IN ARTICULAR CHONDROCYTE
PHENOTYPE SUSTAIN
F. Cailotto, S. Sebillaud, D. Moulin, J-Y. Jouzeau, P. Netter, A. Bianchi.
LPPA UMR 7561 Nancy Universite´ CNRS, Vandoeuvre les Nancy,
FRANCE
Purpose: Articular chondrocyte phenotype is mainly characterized by
an expression pattern of genes coding for the extracellular matrix, in
particular type II collagen and aggrecan, and the absence of type I
and X collagens. The wnt genes family has been described to play a
major role on chondrocyte phenotype, notably in the dedifferentiation
process mediated by interleukin-1b (Il-1b) and Wnt-5a in osteoarthritis.
Inorganic pyrophosphate has also been shown to inﬂuence osteo-articular
cells phenotype, like osteoblasts. Moreover, we demonstrated that ANK
is mainly responsible for extracellular inorganic pyrophosphate (ePPi)
generation. In the present study, we focused on the role of ANK and
ePPi in the maintenance of articular chondrocyte phenotype. We pointed
out the implication of Wnt signaling in this process.
Methods: Firstly, we characterized chondrocyte phenotype in a cell
culture dedifferentiation model, using explants, primary monolayer culture,
second and fourth passage monolayer culture. Secondly, we deﬁned
the Il-1b-induced dedifferentiation model, in cells transfected with either
empty vector or ANK overexpression plasmid. To further analyze the role
of ANK, we analyzed the phenotype of cells transfected with Ank siRNA.
Genes expression was measured by quantitative PCR, protein expression
was assessed by Western blot analyses or immunocytochemistry. ePPi
was quantiﬁed by a radiometric assay in cell supernatants. We also used
conditioned supernatant from cells transfected with Ank siRNA, supposed
to contain soluble factors, to explore the contribution of the canonical
(Tcf/Lef reporter plasmid) and non-canonical (JNK phosphorylation) Wnt
pathways to chondrocyte dedifferentiation. Finally, the effect of exogenous
PPi in cell culture medium was assessed on siRNA-induced dedifferenti-
ation.
Results: Chondrocytes exhibited a progressive increase in Wnt-5a ex-
pression during culture dedifferentiation, whereas type II collagen and
Ank expression, as well as ePPi production, were continually decreasing
at the same time. Il-1b induced Wnt-5a mRNA expression by 2-fold
and strongly reduced type II collagen expression (90%) in control cells,
whereas in cells overexpressing ANK, Wnt-5a induction by Il-1 b was
suppressed and type II collagen expression was only reduced for 50%.
These observations suggested a role of Ank in articular chondrocyte
phenotype sustain. Ank knock-down led to chondrocyte dedifferentiation,
as it reduced type II collagen and Sox-9 expression respectively by 50%
and 30%, whereas Wnt-5a expression was induced 2-fold. Then, we
showed that conditioned supernatant from these cells induced a 2.5-
fold activation of Tcf/Lef reporter plasmid, suggesting the involvement
of Wnt canonical pathway in the dedifferentiation process. Moreover,
neutralization of conditioned supernatant using Wnt-5a antibody inhibited
by 95% the Tcf/Lef activation, demonstrating the role of Wnt5a in Wnt
canonical pathway induction, whereas no signiﬁcant activation of JNK
was found. We also showed that addition of exogenous PPi contrasted the
Ank siRNA-induced dedifferentiation process, as type II collagen expres-
sion was only reduced by 30%, and Wnt-5a induction was suppressed.
Moreover, Tcf/Lef activation was reduced by 80%, suggesting a potent
role for ePPi in chondrocyte phenotype sustain.
Conclusions: These results indicate that ANK, and its by-product ePPi
are implicated in articular chondrocyte phenotype sustain, markedly
resulting from suppression of Wnt canonical pathway activation. Our
results underline a new and original role for Ank, and could open new
therapeutic insights in chondrocyte dedifferentiation process associated
to osteoarthritis.
239 SPHINGOSINE-1-PHOSPHATE INHIBITS Il-1 AND TNF-a
INDUCED INOS EXPRESSION VIA S1P1 AND S1P2 IN HUMAN
ARTICULAR CHONDROCYTES
M.H. Stradner1, G. Gruber2, H. Angerer1, F.C. Fu¨rst1, V. Huber1,
J. Hermann1, R. Windhager2, W.B. Graninger1. 1Department
of Rheumatology, Medical University of Graz, Graz, AUSTRIA,
2Department of Orthopedic Surgery, Medical University Graz, Graz,
AUSTRIA
Purpose:We have prior identiﬁed the bioactive Sphingolipid Sphingosine-
1-Phosphate (S1P) as a potent inhibitor of Interleukin-1 (Il-1) induced car-
tilage degradation in bovine cartilage. As micro-molar concentrations of
S1P have been found in the synovial ﬂuid of osteoarthritis and rheumatoid
arthritis joints we investigated the role of S1P and its receptors in human
cartilage.
Methods: Human cartilage specimens were obtained from patients un-
dergoing total knee joint replacement. Specimens were formalin ﬁxed
and parafﬁn embedded and S1P receptor iso-types S1P1, S1P2 and
S1P3 were detected by immunohistochemistry. For cell culture human
Chondrocytes were isolated using collagenase B. Cells grown in mono-
layer were cultured in Ham’s F-12/DMEM (1:1) and 10% FCS over 3
passages. Cultured chondrocytes were serum starved for 24 hours and
incubated with 10 ng/ml Il-1b or 100 ng/ml TNF-a alone or in combination
with 0.1mM up to 3mM S1P. Expression of iNOS, ADAMTS-4 and MMP-
13, was evaluated using real-time PCR.
Results: All three investigated S1P-receptor iso-types were detected
in human cartilage; however S1P2 was the most prominent subtype.
Interestingly, the expression of the receptors was conﬁned to zones of car-
tilage damage and proliferating chondrocytes. Furthermore, expression of
iNOS mRNA induced by Il-1b and TNF-a was dose dependently reduced
by S1P by 47.0% and 56.2% respectively (P < 0.05). Cytokine induced
ADAMTS-4 mRNA was diminished in the presence of S1P by 35.6% and
41.8% respectively (P < 0.05). In contrast to our previous observations
in bovine cartilage MMP-13 mRNA expression was not affected by co-
incubation with S1P in human chondrocytes. Using speciﬁc inhibitors for
S1P1 (pertussis toxin) and S1P2 (suramin) we found that inhibition of
S1P1 but not S1P3 partly reversed iNOS and ADAMTS-4 inhibition.
Conclusions: Our results suggest that S1P reduces Il-1 and TNF-a
induced mRNA transcription of ADAMTS-4 and iNOS in human articular
chondrocytes via S1P1 and S1P2. Therefore expression of these S1P
receptor subtypes in damaged areas of human cartilage can be inter-
preted as a counter regulation of chondrocytes to inhibit further tissue
degradation by Il-1b and TNF-a.
240 GENES COMMONLY REGULATED BY THE P38 MAPK AND
PI3K SIGNALING PATHWAYS IN HYPERTROPHIC GROWTH
PLATE CHONDROCYTES
V. Ulici, C.G. James, L-A. Stanton, F. Beier. University of Western
Ontario, London, ON, CANADA
Purpose: Endochondral ossiﬁcation, the process through which long
bones are formed, involves chondrocyte proliferation and hypertrophic
differentiation in the cartilage growth plate. Numerous growth factors
Poster Presentations – Cartilage/Chondrocyte Biology S111
and hormones have been implicated in the regulation of growth plate
biology, however, less is known about the intracellular signaling pathways
involved. In addition numerous genes involved in growth plate develop-
ment are also up-regulated in articular chondrocytes in Osteoarthritis
(OA), such as hypertrophic chondrocyte markers collagen X and MMP13,
suggesting that learning about the signaling mechanisms involved in
endochondral bone growth will also help us ﬁnd targets genes responsible
for cartilage destruction.
Publications from our laboratory and others have shown that C-type natri-
uretic peptide (CNP) has an anabolic effect on bone growth, speciﬁcally
through increasing the length of hypertrophic zone of the growth plate and
that the PI3K and p38 MAPK pathways are required for this regulation.
Since we have shown that the main effect of the p38 and PI3K inhibition is
decreased hypertrophic zone length, we wanted to investigate the effect
of the two pathways on the genes differentially expressed between the
hypertrophic and the resting/proliferating zones.
Methods: RNA was isolated from primary chondrocytes after 24 hours
of culture in the presence of LY294002, SB202190 or DMSO from
three independent trials and then hybridized to Affymetrix MOE 430
2.0 gene chips. GSEA algorithm was implemented in order to analyze
the effect of our experimental conditions (treatment with SB202190 or
LY294002) on known biological pathways and functional categories. The
expression of selected genes was also conﬁrmed by real-time PCR.
Differentially regulated genes grouped in functional categories, common
to both treatments, were compared to genes found to be differentially
expressed between the hypertrophic and the resting/proliferating zones of
previously dissected growth plates. RNA was isolated from E15.5 mouse
embryo microdissected growth plates from three different trials and also
hybridized to MOE430 2.0. gene chips.
Results: Numerous gene sets grouped in functional categories were
found commonly regulated by the two pathways. In addition we in-
tersected these genes with genes found to be differentially regulated
between the hypertrophic and proliferative/resting zone. Common genes
found to be up-regulated in the hypertrophic zone compared to the
resting/proliferating zone and also decreased in both LY294002 and
SB202190 treatments such as Phlda2 (pleckstrin homology-like domain,
family A, member 2, also known as Ipl) and F13a1 (coagulation factor
XIII, A1 subunit) were also conﬁrmed by real-time PCR. These are just a
few examples of target genes of the two pathways and that also seem to
be important in hypertrophic chondrocyte differentiation. In addition genes
that were found to have decreased levels of expression in the hypertrophic
zone and up regulated in SB202190 and LY294002 treatments such as
LTBP3 (latent transforming growth factor beta binding protein 3) were
also conﬁrmed by real-time PCR. These genes are probably involved in
earlier stages of chondrocyte differentiation and proliferation.
Conclusions: Our data suggest that genes commonly regulated by the
two signaling pathways p38 and PI3k are also involved in hypertrophic
chondrocyte differentiation. For example some of genes down-regulated
by both pathways were also found to be increased in the hypertrophic
zone compared to the resting/proliferating zone, making them good
candidates for further analyses in both growth plate chondrocytes and
articular chondrocytes.
241 PROSPECTIVE ANALYSIS OF REPAIR TISSUE AFTER
MATRIX-ASSOCIATED AUTOLOGOUS CHONDROCYTE
TRANSPLANTATION OF THE KNEE WITH DGEMRIC AND T2
MAPPING AT 3T
D. Stelzeneder1, S.E. Domayer1, G.H. Welsch1, P. Szomolanyi1,
S. Quirbach1, R. Dorotka1, S. Nehrer2, T.C. Mamisch3, S. Trattnig1.
1Medical University of Vienna, Vienna, AUSTRIA, 2Danube University
Krems, Krems, AUSTRIA, 3Inselspital Bern, Bern, SWITZERLAND.
Purpose: Autologous chondrocyte implantation (ACI) techniques are
widely used for the treatment of chondral defects in the knee. Several MRI
techniques have been used to assess cartilage properties in vivo after
chondrocyte transplantation. There is little known about the behaviour of
biochemical composition of repair tissue (RT) over time.
The aim of our study was to prospectively assess the biochemical proper-
ties of cartilage repair tissue after matrix-associated autologous chondro-
cyte transplantation (MACT) with Hyalograft C® via delayed Gadolinium
Enhanced Magnetic Resonance Imaging of Cartilage (dGEMRIC) and T2
mapping over a period of one year.
Methods: We recruited 10 patients (4 female, 6 male) after MACT in
a tertiary care unit in the years 2001–2005 who were examined at two
different times with a delay of one year. The mean age at chondrocyte
transplantation was 32.2±(standard deviation) 11.0 years, the mean BMI
was 24.5±4.1 kg/m2 and the mean defect size was 3.9±1.9 cm2. Nine of
our patients had the lesion on the medial femoral condyle, one on the
lateral femoral condyle. The mean follow-up period after MACT surgery
was 4.4±2.0 range 2 to 7 years.
MR examinations were performed on a 3 Tesla MR unit (Magnetom
TimTrio, Siemens). Every patient was assessed with dGEMRIC and T2
mapping. The regions of interest (ROI) were drawn in the posterior
cartilage surface of the femoral condyle (reference) and the site of
chondrocyte transplantation throughout 2 contiguous slices. T1 and T2
ROI values of the whole repair site and of the reference were calculated.
The T1 relaxation rates (DR1) were calculated as follows: R1pre = 1/T1pre;
R1post = 1/T1post; DR1 = R1post – R1pre
At all respective MRI follow up visits we assessed the IKDC Subjective
Knee Form, the Lysholm Score and a modiﬁed Cincinnati knee rating.
Results: The clinical scores did not change signiﬁcantly from the ﬁrst
to the second evaluation. The Lysholm score was 81.6 and 84.7, the
IKDC subjective score was 66.1 and 65.2 and the modiﬁed Cincinnati
knee rating was 6.5 and 7.4 respectively. DR1 (1/sec) was 1.06±0.58
and 0.84±0.41 in repair tissue and 0.56±0.27 and 0.51±0.23 in healthy
reference cartilage. The relative DR1 (rDR1; ratio between RT and healthy
cartilage) for repair tissue were 1.89 and 1.65 respectively. The T2
values were 43.8±8.4ms and 45.0±8.7ms for RT and 45.5±4.5ms and
44.9±5.9ms for healthy cartilage tissue.
Conclusions: This preliminary report demonstrates that it is feasible to
prospectively assess the quality of cartilage repair tissue non-invasively
with T2 mapping and dGEMRIC. We found both techniques to indicate
that the properties of the RT were more similar to native cartilage at the
second MRI visit. The rDR1 decreased, which suggests a slight increase
in the glycosaminoglycane concentration of repair cartilage compared to
healthy cartilage. However, neither technique yielded signiﬁcantly different
values at the respective follow-up examinations.
Limitations of our study predominantly concern the low number of patients
and the lack of histologic evaluation. Still, the fact that MRI parameters
of Hyalograft C® repair tissue were comparable at both follow-up visits
agreed well with the clinical ﬁndings. Hyalograft repair tissue apparently
remained stable at mid-term follow up in the subjects examined in this
study.
242 TRANSCRIPTOME-WIDE ANALYSIS OF ARTICULAR
CHONDROCYTES EXPOSED TO BIOMECHANICAL FORCES
OF VARIOUS MAGNITUDES
S. Agarwal, P. Perera. The Ohio State University, Columbus, OH, USA
Purpose: Biomechanical loading regulates expression and suppression
of a plethora of genes involved in cartilage homeostasis, pathogenesis,
and repair. Nevertheless, how these actions of mechanical signals affect
the regulation of overall gene transcription is as yet unclear. High density
focused microarray technology provides a powerful tool to interrogate
overall changes in gene transcription in response to various actions of
mechanical signals in parallel. Here we dissected the transcriptome of
chondrocytes in response to various magnitudes of mechanical forces,
followed by real-time PCR analysis of candidate genes and their products
to delineate the extent of molecular changes that are regulated by
biomechanical signals.
Methods: Articular chondrocytes from the knees of 12−14-weeks-
old Sprague-Dawley rats were cultured in TCM [Ham/F12, 10% FBS,
pen/strep and 2mM L-glutamine], and used in ﬁrst two passages. Chon-
drocytes (4×105/scaffold) were grown on PCL microﬁber scaffolds were
subjected to unconﬁned dynamic compressive forces (DCF) using a
custom-designed, computer-controlled device consisting of a vertical
translation stage and a servo controller (Aerotech, PA). Five different
treatment regimens were: (i) untreated controls; (ii) cells treated with Il-1b;
(iii) cells treated with 10% DCF at 0.5Hz; (iv) cells treated with DCF and
Il-1b; and (v) cells treated with 30% DCF at 0.5Hz. The regulation of RNA
expression was carried out by Gene chip analysis with rat genome survey
microarrays (Affymatrix), and by real time PCR using SYBR green or
Taqman primers and probes. Determination of select proteins was carried
out by Western blot analysis, using each protein speciﬁc antibodies.
Results: The approach standardized in this study enabled detection of
wide array of genes that are activated in response to biomechanical sig-
nals of magnitudes that inhibit proinﬂammatory genes, induce reparative
genes, or are traumatic. We have utilized articular chondrocytes that are
in second passage to prevent phenotypic changes. The characterization
of anabolic and catabolic genes in chondrocytes in the absence or pres-
ence of Il-1b included quantization of gene clusters that are associated
with inﬂammation. Brieﬂy, Il-1b and DTF of high/traumatic magnitudes
